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1 
INTRODUCTION 
Air quality in the United States has been consistently improving in the past decades while its population and 
economy has been growing. This positive progress can be observed in Madison County, IN, in the recent years 
as well. It exceeded the U.S. EPA-established maximum concentrations of ground-level ozone (O3) and fine 
particulate matter (PM2.5) in the beginning of the 21st century and had been designated as a non-attainment 
county.  However in 2008, it was already designated as the ‘attainment maintenance’ county for ground-level 
ozone and as the attainment county for the fine particulate matter. 
While the progress is happening, the U.S. EPA keeps reducing maximum concentrations for some air pollutants 
upon finding health benefits of such change. For example, it reduced the maximum allowable ground-level 
ozone concentration from 0.075 ppm to 0.070 ppm in October 2015 and requested to use this new standard 
to establish new designations by 2016 (2015 National Ambient Air Quality Standards (NAAQS) for Ozone, 
2015). Due to this, Madison County needs to revisit its current progress and find ways to maintain good 
regional air quality.  
In addition to this, the current trend in urban planning is to encourage people to walk and bicycle to gain 
health benefits and reduce car trips. This strategy can reduce air emissions from cars, but it exposes walking 
and bicycling people to the concentrated air pollution from the traffic. Recent studies have been showing that 
living close to the roads with high traffic worsened people’s health. This poses a question of how air pollution 
can be managed in the micro-urban environments to make streets a healthy space to be in. 
Air quality management can happen at different stages of the air emissions life cycle. The cycle can be roughly 
divided into three stages: pollutant emission, transport, and deposition. Currently, most of the air pollution 
reduction in the U.S. and Madison County has been happening by implementing Clean Air Act policies that 
target many point and non-point polluting sources on the first stage of the air emissions cycle. Planning 
strategies like introducing mixed-use development of land, complete streets and establishing good public 
transit also aim to reduce the main source of urban air pollution – cars. However, the U.S. planning pays less 
attention to the urban design techniques that can limit people’s exposure to the air pollution. In addition to 
that, there may be additional actions that towns’, cities’, and Madison County’s officials and planners can take 
to mitigate air pollution.  
This report briefly goes over the basics of air movement and pollution at different geographical scales. Then, 
it turns to analysis of the past and current air pollution state in Madison County and its connection to a bigger 
regional air quality state. Finally, it lays out strategies to manage air quality on the regional, county, urban, 
and micro-urban scales at the different stages of the air pollution life cycle.  
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URBAN AIR COMPOSITION CONTEXT 
Many sources and natural forces shape air quality in the urban environment. Air emissions are transported 
and dispersed with various forces at the different geographical scales. Some air pollutants have an ability to 
stay in the atmosphere for a very long time. For example, air pollution from China contributed 3-10 % of 
annual mean sulfate concentrations and 0.5-1.5% ozone in the western U.S. (Lin, 2014). This is an example of 
the global scale of atmospheric dispersion. Synoptic events like anticyclones or cyclone fronts can be travelling 
for months around the globe contributing to air pollution elsewhere (Salmond, 2009).  
 
Figure 1. Image source: Salmond, 2009. PBL – planetary boundary layer, UBL – urban boundary layer, UCL – urban canopy layer, BL – 
boundary layer. The thick arrows show a direction of the wind. The thin arrows show a direction of the air flows given the wind direction 
and the structure of the space. The dashed thin vertical arrows mark the vertical layer’s height.  
Before these air pollutants join planetary scale airflows, they are dispersed by winds on the mesoscale (see a) 
in Figure 1) up to 100 km away from the source over a 24-hour period (Salmond, 2009). These temporary flows 
contribute to the regional air pollution. For example, urban pollution can travel into the countryside or reach 
other cities and town nearby.  
Some air particles tend to remain closer to its source like particulate matter of size 2.5-10 μg/m3 or ultra-fine 
particles  of size 0.1 μg/m3 and lower (Britter, 2003). They mostly contribute to the microscale air pollution 
(see c) in Figure 1). An example of a microscale is a street canyon or space between the trees and buildings. 
Finally, even though some pollutants may eventually join the atmospheric movement, they are first emitted 
locally and can have a negative impact right away. For example, cars emit nitrogen oxides and other 
compounds that can affect health right away. Then, these chemicals travel and react with other compounds 
3 
in the presence of sunlight and high temperatures to create ground-level ozone (Bloss, 2009). This process 
can take several hours to several days. Due to this, ground-level ozone concentrations are often lower in the 
urban environments than in the surrounding countryside (Bloss, 2009).  
Mesoscale air composition creates the background level of air pollution. This is the scale where air pollution 
is measured and reported to the U.S. EPA by the state EPA agencies (IDEM in Indiana). Then EPA uses these 
measurements to designate counties as attainment or non-attainment. These measurements are used to 
analyze the county-level air pollution in Madison County and compare it to the state of air quality in the 
surrounding counties.  
It is also important to look at the microscale pollution because people come into direct contact with it when 
they walk or bicycle by the roads with high traffic, stay indoors close to a busy road and do not have air filters 
in the building, and drive without air filters in the 
cars. Different street have different pollution 
concentrations depending on the contribution 
of the polluting sources, temperature, time of 
the day, and other factors. While there is no data 
on the microscale pollution for Madison County, 
other studies can give an idea of the possible 
pollution levels in the streets. The air pollution 
concentration by the road with high traffic can 
be six to ten times higher than at the less busy 
sites (Watson, 2003). This pollution usually is 
added on top of the regional background 
pollution. To give an idea of how much more 
pollution can be present in the vicinity of a road 
in the urban environment, see a graph from a 
study of curbside concentrations of some air 
pollutants in Copenhagen in Figure 2. The local 
(curbside) contribution to the overall 
concentration of total particle numbers (here, all 
particles were measured no matter their size) 
was 42 %, of NOx concentration – 23 %, and of 
total particle volume and of PM10 – 7 % (Ketzel, 
2004).  Rural and near-city sources contributed more to the last two emissions. This means that other regional 
source contribute to the urban particle matter (size 10) concentration and to the total volume of the particles. 
However, the urban sources contributed almost half of NOx (most likely due to traffic sources), which means 
that regulating them as precursors of both particulate matter and ground-level ozone needs to be addressed 
at the urban microscale. 
Figure 2. Image source: Ketzel, 2004. This figure shows average 
concentration of total particle number (ToN), total particle volume 
(ToV), PM10 and NOx at different sites: rural, near-city, urban, 
kerbside (two stations inside of Copenhagen). Note the difference 
of the scale after 100.  
4 
AIR QUALITY STATE IN MADISON COUNTY 
Regional Analysis Context 
The U.S. EPA narrowed out several so called ‘criteria’ air pollutants that have adverse impacts on health and 
are abundant everywhere. Among them are carbon monoxide, ground-level ozone, nitrogen dioxide, 
particulate matter, sulfur dioxide, and lead (Criteria Air Pollutants, n.d.).  The concentrations of ground-level 
ozone (O3) and fine particulate matter (PM2.5) in Madison County were sometimes higher than the allowed 
maximum concentrations in the past 15 years while the levels of other pollutants met the standards. Due to 
this, this report focuses only on ground-level ozone and fine particulate matter as the most important and 
urgent pollutants to manage. 
A common feature between the ground-level ozone and fine particulate matter is that both pollutants can 
travel long distances from the initial source 
(Britter, 2003). Ground-level ozone forms from 
nitrogen oxides (NOx) and volatile organic 
compounds (VOCs) over time in the presence of 
daylight and high temperatures. For example, 
emissions of the ground-level ozone precursors 
(NOx and VOCs) can happen in Anderson, but 
turn into ground-level ozone in Alexandria or 
even at a farther distance. The ground-level 
ozone formation usually stops at night due to 
the lack of sunlight. This is why ozone 
concentrations during the day are averaged 
during the 8-hour period when the sun is out. It 
is measured only in the warm season (beginning 
of April through the end of September).  
Particulate matter of size 2.5 (from now on, it will 
be referred to as the fine particulate matter or 
PM2.5) or lower tends to travel long distances as 
well. This is different from the big particulate 
matter (PM10) and ultra-fine particles that tend 
to remain close to their source (Britter, 2003). 
Emissions and formation of the fine particulate 
matter does not depend on daylight or 
temperature as much as ground-level ozone. Its 
concentration is measured over the 24-hour period and throughout the entire year. 
This ability of both air pollutants to move long distances means that Madison County contributes to air 
pollution in the surrounding counties and it can experience air pollution that comes from other regions. While 
air pollutants can travel thousands of miles, it is useful to look at how far pollutants can travel in a day, mainly 
because the daily concentrations of O3 and PM2.5 that are used to determine designations are measured as 
Figure 3. Image author: Oksana Polhuy. Shapefile source: U.S. 
Census Bureau, TIGER. 
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the weighted average of their hourly concentration during one day. The atmospheric movement of air particles 
can happen thanks to the winds and travel up to 100 km in a day. Figure 3 shows that there are 35 counties 
(including three counties in Ohio) about 100 km away from the station that records O3 and PM2.5 hourly 
concentrations in Anderson, IN.  
All of these counties may be influencing daily 
concentrations of air pollutants in Madison County, 
but the data for PM2.5 concentrations is available 
only for one Ohio and four Indiana counties and the 
data for O3 concentrations is available for eleven 
Indiana counties out of the 35 counties in the 100-km 
zone. The data is available mostly for the most 
populous counties. Looking at population in 35 
counties in Figure 24, several of the most populous 
counties are close to Madison, and most of the 
counties have smaller populations. The counties 
closest to Madison County were chosen as the 
Region for the air quality analysis of pollutant 
concentrations, and they are: Howard, Hamilton, 
Marion, Hancock, Henry, and Delaware counties (see 
Figure 4).  
The data on the total amount of annual pollution of 
PM2.5 and O3 precursors (NOx and VOCs) and 
contribution of different sources of pollution is available for all counties, mainly because EPA estimates it for 
all counties. However, only the counties bordering Madison County, or the 1st circle counties, were chosen for 
analysis to stay consistent with the regional extent of the available data on concentrations of O3 and PM2.5.  
The daily concentrations of air pollutants are measured in real life whereas the sources of pollution and total 
annual emissions are estimated by EPA. This makes daily concentrations a more reliable way of analyzing the 
state of air quality. This is why the geographic extent of the region was defined by relying on the data 
availability of the daily concentrations of the air pollutants rather than on the data for total amounts and 
sources of air pollutants. Finally, Marion County does not border Madison County, but it is located very close 
to it and is the biggest pollution source in the region that can influence air quality of Madison County, so it is 
also included into analysis. 
The final consideration for the regional context analysis is the wind direction and strength throughout the 
year. The wind rose plots were available only for Indianapolis in 2002 (see Figure 5Error! Reference source not 
found.). It shows that the winds come less often from the northeast direction, or from the direction of Madison 
County to Marion County. The most frequent wind direction is southwest (or from Marion to Madison). It 
means that the wind transports air emissions from Marion to Madison County more often than the other way 
around. The western winds are more common than the eastern winds meaning that the pollution from the 
counties to the west of Madison County (Howard, Hamilton, and Marion) influence its air quality more often 
than the counties to the east (Delaware and Henry). The winds are the strongest in winter and spring, which 
Figure 4. The counties with available data for O3 and PM2.5 
are in yellow. Image author: Oksana Polhuy. Shapefile 
source: U.S. Census Bureau, TIGER. 
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may aid dispersion of the air pollutants during these seasons. The wind speeds are the lowest in summer 
lowering down the speed of air dispersion through the region. 
 
Figure 5. This image was made using images from the Natural Resource Conservation Service website for Indianapolis, 2002. 
http://www.wcc.nrcs.usda.gov/ftpref/downloads/climate/windrose/indiana/indianapolis/. The colors represent wind speeds 
(yellow – the slowest, light blue – the fastest). The petal length represents a frequency of the wind blowing from that direction. 
E.g., long petals in summer months from the South-West direction mean that this wind was the most frequent in those months. 
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Analysis of the Air Pollutant Concentrations  
Ground-Level Ozone (O3) 
To designate a county as an attainment county for O3, the county’s 3-year average of the annual fourth-
highest daily maximum 8-hour average ozone concentrations should be below the ozone standard (Eight-
Hour Average Ozone Concentrations, n.d.). If the county exceeds the standard, it is designated as a 
nonattainment county. The U.S. EPA changed ozone standards over time (Eight-Hour Average Ozone 
Concentrations, n.d.):  
 1997 – 2008: 0.080 parts per million (ppm) 
 2008 – 2015: 0.075 ppm 
 2015 < : 0.070 ppm  
Even though the 3-year average of the annual ozone concentrations is used for the designation process, data 
on the annual fourth-highest daily maximum 8-hour average ozone concentrations is available for every year 
for the past fifteen years. The data for ozone concentrations was available for the following counties that are 
located close to Madison County: Marion, Delaware, Hamilton, and Hancock. Figure 6 shows how the annual 
O3 concentrations changed over the 2000-2014 period in Madison County and in other counties in the region 
(for whom the ozone data was available).  
 
Figure 6  
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Several observations can be made from the graph in Figure 6: 
 The counties’ concentrations are moving in a similar pattern meaning that the similar atmospheric and 
weather events have a major influence on the concentrations throughout the region. 
 O3 concentrations have been decreasing with time in the region and in Madison County. In Madison 
County, the decrease is about 0.0023 ppm/year. 
 Madison County met the previous 0.075 ppm standard starting with the year when this standard was 
established (2008). However, the new standard of 0.07 ppm was exceeded in 2011 and 2012 meaning 
that Madison County needs to keep improving its air quality to meet the new O3 standard. The new 
standard will be applied for years 2013-2015 to make new designation by October, 2016. Annual 
concentrations in 2013 and 2014 in Madison County were below the new standard. If the concentration 
stays low in 2015, Madison County should be designated as the attainment county. 
 O3 concentrations have been mostly lower in Madison County than in other counties. Madison 
County’s concentrations were occasionally higher than in Delaware and Hancock counties (see Figure 
7 for detailed comparison). 
 Seeing that the O3 concentrations were higher in Hancock County than in Madison County during 
2003-2010 period and almost reaching the same concentration levels of Marion County was surprising. 
Population of Hancock County is twice lower than in Madison and 13 times lower than in Marion 
County (see Figure 8). However, Hancock County is bordering Marion County and the most frequent 
western winds are blowing from Marion to Hancock County, probably making it the downwind location 
for ground-ozone creation from the sources that originate in Marion County. 
 Similarly to the previous observation, O3 concentrations are close between Hamilton and Marion 
County even though Hamilton’s population is 3-4 times lower than in Marion County. Its close location 
to Marion County and downwind location may be contributing to the high O3 concentration. 
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Figure 8. Data source: U.S. Census Bureau, Population Division. 
 
Fine Particulate Matter (PM2.5) 
The U.S. EPA established two standards of fine particulate matter to make designations. The first one is the 3-
year average of the annual mean PM2.5 concentrations, and the second one is the 3-year average of the 
annual 24-hour 98th percentile concentrations (Fine Particle (PM2.5) Designations, n.d.). Here is how these 
standards were changed over the last years: 
 1997: annual mean standard – 15 micrograms per cubic meter (μg/m3); 24-hour standard – 65 μg/m3 
(Fine Particle (PM2.5) Designations, n.d.) 
 2006: annual mean standard – 15 micrograms per cubic meter (μg/m3); 24-hour standard – 35 μg/m3 
(Fine Particle (PM2.5) Designations, n.d.) 
 2012: annual mean standard – 12 micrograms per cubic meter (μg/m3); 24-hour standard – 35 μg/m3 
(Fine Particle (PM2.5) Designations, n.d.). These are the most current standards. 
Figure 9 shows how the annual mean PM2.5 concentrations changed during the 2000-2014 period in Madison 
and other counties of the region. Note that the data for PM2.5 concentrations was available only for Madison, 
Marion, Henry, Howard, and Delaware counties. The following observations can be made from the data 
presented in Figure 9: 
 The counties’ concentrations are moving in a similar pattern meaning that similar atmospheric and 
weather events have a major influence on the concentrations throughout the region. 
 At the same time, all counties but Marion have a much closer correlation with each other than with 
Marion. This means that Marion County’s PM2.5 emissions may be influencing air quality in these 
counties a little bit less than ozone pollution. 
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Figure 9 
 The general trend is decreasing annual mean PM2.5 concentration in the region. In Madison County, 
the decrease is about 0.31 μg/m3 per year1. 
 Annual average PM2.5 concentrations in Madison County were mostly below the standards. In the 
recent years after the new standard was established (12 μg/m3), Madison County didn’t meet it in 2014. 
It met the new standard only in 2009, 2012, and 2013. While the general trend in the past 15 years is 
decrease in PM2.5 concentration, the fact that Madison County met the new standard only a few times 
means that the county needs to keep working on decreasing PM2.5 concentration. 
 PM2.5 concentrations in the region have been decreasing faster than in Madison County at about 0.41 
μg/m3 per year. PM2.5 concentrations in Marion County, however, have been decreasing at the 
slowest rate of about 0.27 μg/m3 per year. 
                                                 
1 This number was found as a coefficient of the linear trend line over 2000-2014 period for each county. 
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Figure 10  
Figure 10 shows how the annual average of the 24-hour 98th percentile of values of PM2.5 concentrations 
changed during the 2000-2014 period in Madison and other counties of the region. Similar observations can 
be made about this PM2.5 concentration type as with the previous one. Here are some additional 
observations: 
 The average annual decrease in 24-hour PM2.5 concentration in Madison County is about 0.87 μg/m3 
per year. This rate is a little bit lower than in Marion County and higher than in all other counties.  
 Madison County met all 24-hour PM2.5 standards.  
All counties that have PM2.5 concentration data available do not border Marion County directly, so it is more 
difficult to see if the air pollution created in Marion County affects air quality in these counties. Madison 
County is the closest to Marion County out of the analyzed counties and it has the highest overall PM2.5 
concentration after Marion County. However, some emitting sources, like wood burning or car emissions 
related to the county’s population, could be making the 24-hour PM2.5 concentration in Madison County 
higher than in other counties. 
 
Analysis of the Sources of Air Pollution 
In order to mitigate air pollution, one needs to know the sources of air pollution. The U.S. EPA estimates the 
amounts of sources of criteria air pollutants every three years for all U.S. counties using its own data and 
models and using data submitted by the states and local and tribal governments. Total emissions from dozens 
of sources are summarized into four big emission categories with several subcategories: 
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I. Stationary fuel combustion: 
a. Fuel combustion, electricity, utilities 
b. Fuel combustion, industrial 
c. Fuel combustion, other 
II. Industrial and other processes: 
a. Chemical and allied products 
b. Metal processing 
c. Petroleum and related industries 
d. Solvent utilization 
e. Storage and transport 
f. Waste disposal and recycling 
g. Other industrial processes 
III. Transportation: 
a. Highway vehicles 
b. Off-highway 
IV. Miscellaneous 
This section uses data provided by the U.S. EPA for 2002, 2005, 2008, and 2011. The data was obtained from 
the National Emissions Inventory website (EPA, National Emissions Inventory, 2015). 2011 is the year with the 
most recently available data on the sources of air pollution (EPA, 2011 National Emissions Inventory, Version 
2. Technical Support Document, 2015). Starting in 2008, data is available with a more detailed breakdown of 
the emitting sources, and this data is incorporated into the analysis as well.  
U.S. EPA estimated amounts of emissions for most of the major sources that contributed to the air pollution 
in Indiana because the state of Indiana provided the U.S. EPA with estimates only on the industrial sources 
and gasoline stations in 2008 and 2011 (EPA, 2011 National Emissions Inventory, Version 2. Technical Support 
Document, 2015). The following sections show which sources emit O3 and PM2.5 in Madison County and the 
surrounding counties and how these amounts change over time. The surrounding counties are referred to as 
the ‘region’. 
Ground-Level Ozone (O3) 
O3 is not emitted, but created from nitrogen oxides (NOx) and volatile organic compounds (VOCs) in the 
presence of daylight and high temperatures. Due to this, the U.S. EPA estimates amounts of emitted NOx and 
VOCs, precursors of O3, instead. Thus, analysis was conducted using data on NOx and VOCs. 
Sources of NOx in Madison County and the Surrounding Counties 
Total NOx emissions in Madison County have been decreasing in the past with a slower decrease in more 
recent years (see Figure 11). The total amount of NOx emissions decreased by 22% in Madison County during 
the 2002-2011 period, which is only a percent less than the regional average decrease of 23% (see Table 6 in 
Appendix A). This decreasing rate is almost twice smaller than the national and Indiana rates of -39% (see 
Figure 25 in Appendix A).  
Transportation is the main source of NOx emissions in Madison County with ¾ coming from highway vehicles 
and ¼ from the off-highway vehicles and machinery (Figure 11). Its share in total emissions changed from 86% 
in 2002 to 84% in 2011. The total emissions from all transportation sources decreased by 24% from 2002 to 
13 
2011. Looking at a more detailed breakdown of the 
mobile sources contributions in 2011 in Table 1, one 
can see that the focus on reducing emissions should 
be on the on-road light duty vehicles, diesel heavy-
duty vehicles, and non-road diesel vehicles. 
The rest of emissions comes from industrial and fuel 
combustion sources. The fuel combustion emissions’ 
share decreased from 9% to 6% from 2002 to 2011 
and the total fuel combustion emissions decreased by 
45% over the same period. Most fuel combustion 
emissions come from sources other than industrial 
and electric utilities like residential natural gas fuel 
combustion (see Table 1). 
NOx emissions from the industrial sources, on 
another hand, increased by 55% from 2002 and 2011. Its share in total emissions was 5% in 2002 and it rose 
to 9% in 2011. The majority of the industrial source come from the “not elsewhere classified” (NEC)2 sources 
(see Table 1).  
Table 1. Top NOx-emitting sources in Madison County, 2011 
Comparison of NOx-emitting Sources 
of Madison County to the Surrounding 
Counties 
All surrounding counties experienced a 
decrease in total annual emissions of nitrogen 
oxides from 2002 to 2011 ranging from 1% 
decrease in Hancock County to 38% in Grant 
County (see Table 6 in Appendix A). The shares 
of big emission sources are similar among the 
surrounding counties, except Marion and 
Howard Counties that have a bigger share of emissions coming from fuel combustion (see Figure 12). The 
shares of emission sources did not change significantly between 2002 and 2011 in most counties meaning that 
the  reduction of emissions was happening across most sectors. Indeed, all counties experienced a decrease 
in emissions from transportation and fuel combustions sources from 2002 to 2011. 
                                                 
2 “Not elsewhere classified” or NEC means that the emission’s source cannot be classified as any EIS (Emissions Inventory 
System) sector and its emissions are too small individually to include as its own EIS sector (EPA, 2011 National Emissions 
Inventory, Version 2. Technical Support Document, 2015). 
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Figure 12 
 
 
Figure 13 
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Since transportation and fuel combustion contributes on average 97% of all emissions, their decrease 
plays a significant role in the overall decrease of NOx-emitting sources. There was an increase in 
emissions from miscellaneous sources among all counties, but the share of miscellaneous sources 
stayed less than 1%, so it is not significant.  
However, there are some differences in the amounts of emissions from industrial sources. An increase 
in emissions from the industrial sources happened in Madison (+55%), Delaware (+294%), Grant 
(+179%), and Hancock (+73%) counties, whereas there was a decrease in all other counties (see Table 
6 in Appendix A). The share of industrial NOx emissions is little, so its increase is not a major concern 
as of now. 
Sources of VOCs in Madison County and the Surrounding Counties 
The total amount of Volatile Organic 
Compounds (VOCs) decreased by 39% 
in Madison County from 2002 to 2011 
(see Table 6 in Appendix A). The 
decrease slowed down after 2008 
(Figure 14). This decrease is larger than 
the national 11% and Indiana 35% 
decrease (Figure 25 in Appendix A).  
About half of emissions came from 
industrial activities and another half 
from transportation, which is similar to 
the shares of pollutants in Indiana. Fuel 
combustion contributed about 4% and 
miscellaneous sources contributed less 
than 1% throughout 2002-2011. There 
was a decrease in emissions from all 
sources during the 2002-2011 period, 
except that emissions from fuel 
combustion increased by 136%. The 
share of emissions from this source 
rose from 2% to 6%, remaining a small 
source of VOCs emissions. More than a 
half of these emissions came from 
burning wood in residential areas in 
2011 (see Table 2). 
If we look at a more detailed 
breakdown of the VOC-emitting 
sources in 2011 in Table 2, one can see that almost one third of emissions comes from biogenic 
sources. The amount of emissions from biogenic sources is not included in NEI data for big emission 
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Figure 14 
Emission Sources in 2011 with share more than 1%
Biogenics - Vegetation and Soil 29.7%
Mobile - On-Road non-Diesel Light Duty Vehicles 20.4%
Solvent - Consumer & Commercial Solvent Use 12.0%
Gas Stations 9.2%
Mobile - Non-Road Equipment - Gasoline 8.6%
Fuel Comb - Residential - Wood 4.1%
Solvent - Industrial Surface Coating & Solvent Use 3.5%
Solvent - Non-Industrial Surface Coating 2.3%
Mobile - On-Road Diesel Heavy Duty Vehicles 1.5%
Miscellaneous Non-Industrial NEC 1.4%
Table 2. Top VOC-emitting sources in Madison County, 2011 
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categories in any year or county. Due to this, the amount of VOCs emissions is actually larger than 
shown in Figure 14 and the shares of VOC-contribution from big emissions categories are most likely 
smaller than depicted in Figure 13. 
Comparison of VOCs-emitting Sources of Madison County to the Surrounding 
Counties 
Industrial activities and transportation contributed on average about 96% of VOCs throughout all 
counties, and emissions from these sources decreased in all counties during 2002-2011 period by 
45% and 38% respectively (see Table 6 in Appendix A). VOCs emissions from fuel combustion on 
average doubled almost in all counties, but fuel combustion contributes about 4% of all VOCs in the 
region making this increase less of a concern than industrial and transportation emissions. Similarly, 
VOCs emissions from miscellaneous sources contribute less than 0.2 % of all VOC emissions, so their 
great increase in three counties (Grant, Hamilton, and Hancock) does not matter much at this point. 
Counties’ NOx and VOCs Contribution vs. O3 Concentration 
In the first part of the regional air quality analysis, concentrations of ground-level ozone were 
analyzed for four counties that are also part of the first circle of the counties around Madison County. 
It was concluded that some of the ozone concentrations seemed to be too high in the counties with 
relatively small population in comparison to Marion County. Comparing each county’s contribution 
to the total emissions in the region and their respective concentrations can give an idea of the 
regional pollution influences.  
Table 3. Comparison of shares of counties’ populations in 2010 to the shares of NOx and VOCs emissions in 
2011 within the region. Comparison of 2011 NOx and VOCs contributions to O3 concentrations in the region. 
 
Total NOx and VOC emissions of each county is quite proportional to the share of population of the 
county within the region. For example, 8% of the regional population resides in Madison County, 
and it contributes 7% of NOx and 9% of VOCs emissions (Table 3).  
Overall, ranking of counties according to O3 concentrations is the same as it is for population 
ranking. However, the contribution of the total NOx and VOCs emissions to the ground-level ozone 
County
Population 
share in the 
region
Total 
emissions 
share
Emissions share 
from fuel 
combustion
Emissions 
share from 
transportation
Total 
emissions 
share
Emissions share 
from industrial 
sources
Emissions 
share from 
transportation
O3 
concentration 
in 2011
Marion 52% 56% 79% 51% 49% 43% 54% 77 ppb
Hamilton 16% 10% 5% 12% 12% 13% 13% 72 ppb
Madison 8% 7% 3% 8% 9% 10% 8% 71 ppb
Delaware 7% 7% 5% 7% 7% 8% 7% 70 ppb
Howard 5% 4% 3% 4% 5% 6% 4%
Hancock 4% 5% 2% 6% 5% 5% 5% 68 ppb
Grant 4% 4% 2% 5% 6% 7% 4%
Henry 3% 5% 1% 5% 4% 5% 4%
Tipton 1% 1% 0% 1% 1% 2% 1%
Blackford 1% 1% 0% 1% 1% 1% 1%
NOx VOC
17 
concentration per county are not proportional. For example, Marion County’s concentration of O3 
is 1.08 higher than Madison’s, but Marion contributes 5.4x more total VOCs and 8x more NOx 
emissions than Madison. Marion County’s concentrations of O3 is 1.13 higher than in Hancock, but it 
contributes 9.8x more of VOCs and 11x more NOx emissions than Hancock.  
Ground-level ozone is formed over several hours during the day, and it can happen far away from 
the source. Due to this, O3 concentrations can be increased in the counties around Marion, especially 
the ones located to the northeast of Marion (see wind patterns in summer in Figure 5).  
Madison’s contribution to VOCs emissions from industrial sources is somewhat higher than the share 
of its population. Industrial activities contribute the largest portion of VOCs emissions in Madison 
(maybe after biogenic sources), so it would be advantageous for Madison and the region to keep 
decreasing VOC emissions from the industrial sources. 
Fine Particulate Matter (PM2.5) 
Sources of PM2.5 in Madison County and the Surrounding Counties 
Total emissions of fine particulate matter (PM2.5) in Madison County decreased by 6 % between 
2002 and 2011, with decrease starting to happen after 2008 (Figure 15). All big emission sectors 
contribute a significant share of emissions with miscellaneous and fuel combustion sources 
contributing the most (about 80% together), and industrial and transportation sectors contributing 
about 10% each.  
PM2.5 emissions’ decrease is the slowest in comparison to NOx and VOCs in Madison County. It is 
also slower than 21% decrease of PM2.5 emissions in Indiana, but it is better than the national 5% 
increase over the same period. Increase in miscellaneous sources, the major PM2.5 contributor, 
happened on the national and Indiana levels as well (see Figure 25 in Appendix A).  
PM2.5 emissions from fuel combustion in Madison County decreased the most over 2002-2011 
period – by 30%. Emissions from the miscellaneous sources, though, increased by 3%.   
According to NEI description of miscellaneous sources in the big emissions categories (EPA, AP 42, 
Fifth Edition, Volume I, Chapter 13: Miscellaneous Sources, 2016), they include: 
 Wildfires and prescribed burnings 
 Paved road dust 
 Unpaved road dust 
 Heavy construction operations 
 Aggregate handling and storage piles 
 Industrial wind erosion 
 Abrasive blasting 
 Explosive detonation 
 Wet cooling towers 
 Industrial flares
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Figure 15 
Emission Sources in 2011 with share more than 1%
Agriculture - Crops & Livestock Dust 37.1%
Dust - Unpaved Road Dust 17.3%
Fuel Comb - Residential - Wood 15.3%
Dust - Paved Road Dust 7.6%
Industrial Processes - NEC 3.9%
Waste Disposal 3.5%
Mobile - On-Road Diesel Heavy Duty Vehicles 3.2%
Mobile - Non-Road Equipment - Diesel 2.8%
Mobile - On-Road non-Diesel Light Duty Vehicles 2.3%
Dust - Construction Dust 1.9%
Commercial Cooking 1.3%
Table 4. Top PM2.5-emitting sources in Madison County, 2011 
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Looking at the list of top PM2.5 emitting sources in Madison County in 2011 in Table 4, one can see 
that in order to decrease PM2.5 emissions, Madison County should focus on reducing dust from 
agriculture, unpaved and paved roads, and residential wood combustion. Agricultural uses such as 
raising crops use ¾ of Madison County’s land and roads cover about 8% of Madison County land 
(see Figure 26 in Appendix A). This is why they contribute a lot of fine particulate matter. 
Comparison of PM2.5-emitting Sources of Madison County to the Surrounding 
Counties 
Average regional shares of big polluting PM2.5 categories are: fuel combustion – 21%, industrial 
activities – 9%, transportation – 10 %, and miscellaneous sources – 60% (see Table 6 in Appendix A). 
These shares are almost identical to Madison County’s shares. Overall, PM2.5 total emissions 
decreased by 12% in the region and decreased in almost all counties except for a slight increase in 
Grant and Hancock (Table 6 in Appendix A). 
PM2.5 emissions from industrial sources decreased by 36% on average in all counties of the region 
during the 2002-2011 period (Table 6 in Appendix A). Fuel combustion emissions also decreased on 
average by 29% in almost all counties, except for Hancock and Tipton counties. There was a slight 
3% regional decrease in transportation-emitted PM2.5, with only three counties experiencing an 
increase. Finally, PM2.5 from miscellaneous sources increased almost in all counties ranging from 
+3% in Madison to +51% in Marion, leading to an average of +11% of PM2.5 emissions in the region 
from miscellaneous sources. 
The shares of big pollutant categories did not change much in Madison County during 2002-2011 
period. However, they changed quite a bit in Marion, Howard, Blackford, Grant, and Delaware 
Counties (see Figure 16). Many counties experienced a much greater decrease in emissions from fuel 
combustion and industrial activities and a greater increase in emissions from miscellaneous sources 
than Madison County (see Table 6 in Appendix A), sometimes leading to an overall greater decrease 
in PM2.5 emissions in other counties. Madison County may explore whether the greater decrease 
happened due to policies and actions for ideas on actions that can do the same in Madison County. 
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Table 5. Comparison of shares of counties’ populations in 2010 to the shares of PM2.5 emissions in 2011 within 
the region. Comparison of 2011 PM2.5 contributions to PM2.5 concentrations in the region. 
 
Unlike contributions of NOx and VOCs, contributions of PM2.5 by counties is not very proportional 
to their populations. To be more specific, they are somewhat proportional when emissions come 
from fuel combustion, industrial and transportation sources, but when it comes to miscellaneous 
sources, almost all counties contribute a similar share (Table 5). Since miscellaneous sources often 
contribute the largest share of PM2.5 pollution, they make the total emissions less proportional as 
well. Emissions from miscellaneous sources are most likely similar because the top emissions sources 
come from agricultural and road dust, so PM2.5 emissions from miscellaneous sources should be 
more proportional to the county area, not population. For example, Blackford has the smallest area 
and it contributes only 3% of miscellaneous PM2.5 emissions. 
Overall, ranking of the counties according to PM2.5 concentrations is the same as it is for the 
population ranking (Table 5). However, the contribution of the total PM2.5 emissions to PM2.5 
concentrations in 2011 are not proportional. For example, Marion County has a 1.4x higher PM2.5 
concentration, but contributes 2.8x more total PM2.5 emissions than Madison County. Similarly, 
Madison’s concentration is 1.2x higher than Henry’s, but Madison’s contribution to total PM2.5 
emissions is 1.6x higher than Henry’s contribution. However, the disproportionality is not as drastic 
as with ground-level ozone. This can mean that while counties’ PM2.5 emissions can influence each 
other, local PM2.5 emissions are more likely to influence each county’s air quality and PM2.5 
concentrations than the regional contributions. 
PM2.5 Seasonality 
Ozone concentrations are measured only during warm months, April through September, because 
it forms in big quantities during those months due to more daylight and higher temperatures than 
during the rest of the year. However, PM2.5 concentrations are measured throughout the year. It is 
important to understand when the highest concentrations happen to provide the best solutions to 
the air quality problems. 
County
Population 
share in the 
region
Total 
emissions 
share
PM2.5 annual 
average 
concentration 
in 2011,  μg/m3
Emissions 
share from 
fuel 
combustion
Emissions 
share from 
industrial 
sources
Emissions 
share from 
transp.
Emissions 
share from 
miscl.
Marion 52% 31% 17.5 58% 41% 49% 15%
Hamilton 16% 12% 5% 7% 15% 14%
Madison 8% 11% 12.5 8% 13% 8% 12%
Delaware 7% 8% 11.1 4% 8% 7% 10%
Howard 5% 8% 11.3 5% 6% 4% 10%
Hancock 4% 8% 5% 5% 6% 9%
Grant 4% 9% 5% 6% 4% 12%
Henry 3% 7% 10.5 5% 9% 5% 7%
Tipton 1% 5% 2% 2% 1% 8%
Blackford 1% 2% 2% 1% 1% 3%
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Relatively higher PM2.5 concentrations happen twice a year – during summer and winter – in all 
counties that had available PM2.5 daily concentration data (see graph in Figure 27, Appendix A). The 
average monthly PM2.5 concentrations during 2002-2014 period show that the months with highest 
PM2.5 concentrations are: July, August, February, January, June, and December. Seeing that monthly 
concentrations move in a similar way among all counties, one can conclude that some major 
atmospheric event influence these patterns the most. For example, the strong winds are more 
frequent during fall and spring, which helps disperse air pollution horizontally faster, and reduce air 
pollutant concentrations (Salmond, 2009). 
The second major atmospheric event that happens mostly during winter that limits PM2.5 dispersion 
vertically is cold temperature inversion, observed in the northern U.S. Figure 17 shows and explains 
the process. In addition to the atmospheric event that traps and concentrates air pollution during 
winter, certain sources, like using woodstoves and ammonia emissions from the agricultural fields, 
increase PM2.5 concentrations relatively to the rest of the year (EPA, Air Trends, 2012). 
 
 
Figure 17. Image source: Understory captures evidence of temperature inversion in Kansas City, 2016. 
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AIR POLLUTION MITIGATION STRATEGIES 
Reduction of air pollution can happen at different stages of air pollution lifecycle: 
1. Emissions of pollutants. At this stage, pollutants are emitted, so the strategies should limit 
emissions from the sources of pollution. The Clean Air Act already regulates sources of air 
emissions, but certain planning tools can reduce air pollution as well. For example, avoiding 
cul-de-sac street designs and increasing street connectivity can reduce VMT, and by that, air 
pollution from cars. 
2. Transport of pollutants. At this stage, air pollutants move until they are deposited or 
transformed into something else. Planning actions should not interfere with this flow and 
avoid concentrating air pollution in the streets and exposing people to a very high pollution. 
It is better to design streets in a way that lets the air flow freely, so that air pollutants can 
move out of the city. 
3. Deposition of pollutants. At this stage, air pollutants are removed from air.  Air particles can 
suspend onto buildings and trees, or get into lungs. Planning actions can design cities in a 
way that deposits air pollutants before they harm other living beings. These actions aim to 
limit people’s exposure to air pollutants. They can also reduce air pollution by keeping the 
pollutants and becoming a permanent deposition site. 
Many actions can be done on each stage of air pollution and at different geographical scales, 
discussed in the Urban Air Composition Context section. It would be easier for planning 
organizations to see air mitigation strategies for the geographical scales, relevant to their 
responsibilities and abilities. Air mitigation strategies are proposed for the following geographical 
scales: 
 Regional scale 
 County scale 
 (Sub)Urban scale  
 Street scale 
Regional Scale Strategies 
Analysis of ground-level ozone and fine particulate matter concentrations in Madison County and 
the surrounding counties has shown that counties most likely influence each other’s air quality. 
Marion County sometimes contributes disproportionally more air pollutants in comparison to the 
observed air pollution concentrations. In addition to this, the prevalent winds in summer, the time 
with the greatest O3 and PM2.5 concentrations, blow to the north, northeast, and east of Marion, 
adding to the air pollution in Madison and other counties. Due to this, there should be regional 
cooperation to reduce air pollution from the counties that contribute more air pollutants than other 
counties. In addition to this, Madison County should work closely with IDEM to ensure that its 
designation comes from its own air pollution contribution and not affected by the air pollution 
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coming from other counties. Other Indiana county- and local-level planning agencies can use 
strategies proposed in the following sections to reduce their air pollution as well.   
County Scale Strategies 
Reducing Sources of Pollution 
Madison County can work on reducing air pollution from top-emitting sources discussed in the air 
quality analysis section. The top air polluting sources in Madison County are: 
 Agricultural dust (PM2.5) 
 Unpaved and paved road dust (PM2.5) 
 Wood burning by houses (PM2.5) 
 Non-road gasoline equipment (e.g., lawn mower) (VOCs and NOx) 
 On-road gasoline light duty and diesel heavy duty vehicles (e.g., cars, trucks) (VOCs, and NOx) 
 Vegetation and soil (VOCs and NOx) 
 Consumer and commercial solvent use (e.g., personal care products, household products, 
adhesives and sealants, pesticides (agriculture), some coatings, etc.) (NOx)  
 Gasoline stations (e.g., evaporation of leaked gasoline) (NOx) 
 
To reduce air pollution from these sources, the county can encourage county’s residents and 
businesses to do the following: 
 Use agricultural techniques that create less dust like planting wind barriers or reducing number 
of tillage operations in a year. The full list of possible techniques can be found in Appendix B. 
 Pave unpaved roads or cover them with some materials to reduce dust. 
 Wet the paved and unpaved roads to conglomerate particles and reduce their chance to be 
suspended by the wind. 
 Burn less wood in houses and use the U.S. EPA guidelines on how to burn wood in a cleaner 
way. The program is called Burn Wise: https://www.epa.gov/burnwise.  
 Plant native grasses and flowers instead of the regular lawn grasses. Native species often do 
not need mowing, thus reducing emissions from mowing. For example, Ridgefield 
Homeowners Association in Fishers, IN, converted a 6.5-acre park from the regular turf grasses 
to a park with native Indiana species and by that, cut park maintenance costs by 800% 
(Ridgefield Subdivision Nature Park, 2010). Cost reduction happened due to reduction in 
mowing. This is a great example of how one can reduce air pollution by changing grass cover 
and save money and time at the same time. A list of Indiana native species can be found on the 
Indiana Native Plant & Wildflower Society website listed in the References section of this report 
(Landscaping with Plants Native to Indiana, n.d.). 
 Plant trees that do not emit VOCs or emit little amounts. A list of common Indiana trees and 
their VOC-emitting rates can be found in Appendix B. Discourage planting trees that emit a lot 
of VOCs.   
 Use less solvent-type products and agricultural pesticides. 
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 Avoid spilling gasoline at the gas stations and when filling up lawn mowers. 
 Use cars and trucks less.  
 Do not promote switching to electric cars in Indiana yet. According to a study in Texas, 
switching to electric cars may hurt air quality if electricity comes from coal power plants. They 
emit sulfur dioxide that increases PM2.5 concentrations and sometimes can make regional air 
quality worse than if cars used gasoline (Nicholos, 2015). 
 
Reducing Emissions during Transport 
Ground-level ozone formation happens more rapidly at higher temperatures in the presence of 
sunlight. To slow down ozone formation, Madison County can create more shade and reduce 
regional temperatures by planting trees and other plants. NASA recently showed that after 
impervious areas cover more than 35% of urban land, the temperature starts going up (see Figure 
18). For example, if 65% of urban area is impervious, its average temperature will be 1.6 °C higher 
than in the surrounding country areas (Vegetation Limits City Warming Effects, 2015). Impervious 
areas can be reduced on the county and city scales. 
 
Figure 18. Data source: Vegetation Limits City Warming Effects, 2015 
One way of doing it on the county scale is planting trees on the sides of the highways, as depicted 
in Figure 19. This design helps to shield residents from highway pollution and traps air pollutants 
close to the highway. It also creates shade by the road and slows down ground-level ozone 
formation. This design can be helpful only if trees emit little to no VOCs mainly during the summer 
and less during winter. Planting trees may not help as much in winter as in summer to capture and 
store air pollutants due to the reduced surface area (fallen leaves) that would catch pollutants. 
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Figure 19. Proposed design for highways’ rights-of-way close to the urbanized areas that can trap and store 
air pollutants by the road. Image author: Oksana Polhuy. The idea of the design came from an online report 
(Better air quality at street level: strategies for urban design, 2003). More designs can be found here: Boston 
Redevelopment Authority, 1986.  
Reducing Emissions during Deposition 
To limit people’s exposure to existing air pollution, county and local governments should promote 
using good air filters in cars and houses. People mostly spend time inside of buildings and cars, so 
air quality in these environments plays the greatest role in influencing people’s health.  
Many studies have shown that people who live within 300 meters of a road with high daily traffic 
(more than 10,000 vehicles per day) are more likely to experience adverse health impacts (Boehmer, 
2013). There are several highways and busy roads that go through urbanized areas in Madison 
County and have average daily traffic of more than 10,000 vehicles per day. View a map that shows 
cities and towns affected by air pollution from traffic in Figure 20 . View more detailed maps of each 
town and city in Appendix C. 
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Figure 20. Map author: Oksana Polhuy. Shapefile data sources: U.S. Census Bureau TIGER, 2011 INDOT Traffic 
Zones. 
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(Sub)Urban Scale Strategies 
Cities and towns can reduce air emissions by the following actions: 
 Increase street connectivity (e.g., avoid cul-de-sac road designs) that can reduce the distance of 
car travel, and by that, reduce air pollution from cars. 
 Provide sustainable transportation infrastructure, like continuous sidewalks and bicycle lanes to 
increase non-polluting traveling options. 
 Change parking space requirement from minimum to maximum. Currently, Anderson City has a 
minimum parking requirement. Maximum parking requirement, as opposed to the minimum 
one, can reduce sprawl. This in return reduces car travel distance and amount of impervious 
areas and by that reduce air pollution. 
 Allow mixed-use of land coupled with sustainable transportation infrastructure to increase 
accessibility and mobility without creating additional car traffic. 
 Plant parks of at least 0.25 acres about 600 feet apart from each other. Such parks’ 
arrangement has shown to reduce city’s overall temperature, which leads to decrease in 
ground-level ozone formation (Shashua-Bar, 2003). 
 Create drive-free zones. If a city has outdoor areas that are frequently used by people, it may 
be wise to limit driving in these areas to limit people’s exposure to the air pollution. 
 
Street Scale Strategies 
Street-level designs can reduce people’s exposure to air pollution if they: 
 Enhance air circulation. Urban areas often have many physical obstructions that slow down 
the airflow, making it harder for polluted air to leave. In addition, urban areas are busier and 
create more pollution. Due to this, it is imperative to design streets in a way that enhances 
air circulation to let the polluted air go out of the city. 
 Protect pollution-sensitive uses. Outdoor spaces, often used by people, like parks, bus 
shelters, or schools, need to be located away from the busy streets that always have high 
levels of pollution. View Figure 21 for an example of such design. 
 Reduce air pollution. Using plants wisely can reduce air pollution in the city. Plants can only 
reduce pollution by the busy streets if they are covering the walls of the buildings. Otherwise, 
plants become a temporary pollution storage and then re-suspend pollutants back onto 
streets. The highway design in Figure 19 is an example of air pollution reduction. View a bad 
street design in Figure 22 to see how trees can harm urban air quality. 
To enhance air circulation: 
 Make streets wide. The wider the street canyon, the easier it is for pollutants to disperse 
within the canyon. 
 Leave space between the physical objects that usually would obstruct air circulation.  
 Vary buildings’ setbacks to roughen the airflow. This technique enhances air circulation. 
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Figure 21. Protect sensitive uses. Image author: Oksana Polhuy. The idea of the design came from an online 
report (Better air quality at street level: strategies for urban design, 2003). 
 
Figure 22. This image shows an example of a bad street design that traps air pollution at the pedestrian level. 
Image author: Oksana Polhuy. The idea of the design came from an online report (Better air quality at street 
level: strategies for urban design, 2003). 
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Figure 23. This image shows an example of a good street design that traps air pollution at the pedestrian level. 
Image author: Oksana Polhuy. The idea of the design came from an online report (Better air quality at street 
level: strategies for urban design, 2003). 
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APPENDIX A. IMAGES AND TABLES FOR 
ANALYSIS OF AIR QUALITY 
 
Figure 24
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Table 6. Information was compiled using NEI data from the U.S. EPA (EPA, National Emissions Inventory, 2015) 
 
Changes in amount of NOx pollution in the counties bordering Madison County, 2002-2011, by source and total
Source Category Madison Delaware Henry Howard Marion Blackford Grant Hamilton Hancock Tipton
Regional average 
change*
Regional 
average of 
source share**
Stationary fuel combustion -45% -17% -45% -62% -39% -56% -59% -70% -17% -30% -44% 12%
Industrial and other processes 55% 294% -31% -43% -16% 101% 179% -85% 73% -30% 50% 3%
Transportation -24% -24% -11% -26% -1% -31% -36% -25% -2% -21% -20% 86%
Miscellaneous 151% 136% 154% 198% 139% 126% 1235% 957% 3312% 234% 664% 0%
All pollution sources -22% -21% -15% -34% -14% -33% -38% -33% -1% -22% -23% 100%
Changes in amount of VOC pollution in the counties bordering Madison County, 2002-2011, by source and total
Source Category Madison Delaware Henry Howard Marion Blackford Grant Hamilton Hancock Tipton
Regional average 
change*
Regional 
average of 
source share**
Stationary fuel combustion 136% -9% 24% 153% 103% -15% 16% 119% 215% 265% 101% 4%
Industrial and other processes -46% -50% -42% -39% -51% -60% -50% -35% -36% -40% -45% 52%
Transportation -37% -40% -43% -39% -30% -37% -46% -40% -28% -39% -38% 44%
Miscellaneous -94% -82% -96% -84% -100% -93% 1296% 532% 3770% -90% 496% 0%
All pollution sources -39% -45% -40% -36% -38% -50% -46% -37% -27% -35% -39% 100%
Changes in amount of PM2.5 pollution in the counties bordering Madison County, 2002-2011, by source and total
Source Category Madison Delaware Henry Howard Marion Blackford Grant Hamilton Hancock Tipton
Regional average 
change*
Regional 
average of 
source share**
Stationary fuel combustion -30% -61% -3% -72% -60% -46% -51% -58% 44% 51% -29% 21%
Industrial and other processes -8% -17% -39% -51% -33% -65% -8% -43% -38% -60% -36% 9%
Transportation -2% -2% 8% -6% 32% -26% -17% -5% 14% -26% -3% 10%
Miscellaneous 3% 22% -32% 2% 51% 29% 29% 7% -2% -1% 11% 60%
All pollution sources -6% -7% -27% -28% -32% -8% 2% -12% 1% -3% -12% 100%
**Average of each source shares between 2002-2011 were calculated for each county, and then the average of all counties' shares was calculated to arrive 
at the average shares of each source category in the region.
*Regional average change was calculated as a standard average.
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Figure 25. Change in total amount of emissions from big categories of sources in Indiana and the Unites States, 2002-2011. *Amounts in Indiana are in 
tons, and in the United States in the thousands of tons. 
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Figure 26 
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Figure 27. Daily PM2.5 concentrations were used to arrive at regular mean PM2.5 concentrations per month. Data source of the daily concentrations: (AirData. Download 
Data Files, n.d.) 
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APPENDIX B.  MITIGATION STRATEGIES 
Agricultural Techniques that Can Reduce Particulate Emissions 
These techniques were compiled from the Arizona Agricultural Best Management Practices Guide. 
Arizona has a serious problem with particulate emissions from farms and it requires commercial 
farmers to adopt some of the best management techniques every year (Governor's Agricultural Best 
Management Practice Committee, 2008). For more detailed description of each technique, follow 
the link in References section to access the full guide on the agricultural best management 
techniques. 
Actions to reduce dust during tillage and harvest activities: 
 Cessation of night tillage 
 Chemical irrigation 
 Combining tractor operations 
 Equipment modification 
 Green shop 
 Integrated pest management 
 Limited harvest/tillage activity during high wind events 
 Planting/tillage based on soil moisture 
 Precision farming 
 Reduced harvest/tillage activity 
 Changed timing of tillage operations 
 Transgenic crops 
 Transplanting 
Actions to reduce dust from croplands: 
 Cover crop 
 Cross-wind ridges, strip-cropping 
 Mulching 
 Organic material application 
 Permanent cover 
 Stabilization of soil prior to plant emergence 
 Residue management 
 Sequential cropping 
 Surface roughening 
 Wind barriers 
Actions to reduce dust from significant agricultural earth moving activities: 
 Apply water prior to earth moving activities and/or time to coincide with precipitation. 
 Apply water during earth moving activities. 
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 Limit earth-moving activities during high-wind events. 
 Conduct earth-moving activities in a manner to minimize the number of passes by using 
equipment that is the most efficient means of moving soil. 
 Conduct earth-moving activates as close as possible to activities or otherwise stabilize the 
soil; except for emergency maintenance purposes. 
 
VOCs Emission Rates by the Common Indiana Trees 
The list of common Indiana trees was obtained from the Forestry webpage of the IDNR website 
(IDNR). VOCs emissions rates from two major biogenic VOCs were obtained from the United States 
Department of Agriculture website (Forest Services). 
  VOCs emission rate   
Common species name Isoprene* Monoterpenes ** Name in the list *** 
Red Oak 70.0 0.2 Oak 
White Oak 70.0 0.2 Oak 
Black Locust 70.0 0.2   
Sycamore 70.0 0.1   
Cottonwood (Poplar) 70.0 0.1   
Red Pine 0.1 3.0 Pine 
White Pine 0.1 3.0 Pine 
Black Walnut 0.1 3.0 Walnut 
Shagbark Hickory 0.1 1.6 Hickory 
Flowering Dogwood 0.1 1.6 Dogwood 
Pawpaw 0.1 1.6   
Sugar Maple 0.1 1.6 Maple 
Eastern Red Cedar 0.1 0.6 Cedar 
American Beech 0.1 0.6 Beech 
Tulip Tree 0.1 0.2   
White Ash 0.1 0.1 Ash 
Black Cherry 0.1 0.1 Chery 
Slippery Elm 0.1 0.1 Elm 
Eastern Redbud 0.1 0.1   
Persimmon 0.1 0.1   
Sassafras 0.1 0.1   
Staghorn Sumac 0.0 0.0 Sumac 
        
*The highest isoprene emission rate is 70.0. 
** The highest listed monoterpenes emission rate is 3.0. 
***Not all species were in the list, so the general species' emitting rates were 
used. This column lists the general name of the species. 
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APPENDIX C. MAPS OF URBANIZED 
AREAS IN MADISON COUNTY, AFFECTED 
BY AIR POLLUTION FROM TRAFFIC 
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